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© A zero-point adjustment unit for a weighing device. 



© A combinational weighing system with a-plurality 
of weighing devices employs a zero-point adjust- 
ment unit which gives the system increased flexibil- 
ity regarding operation and adjustments by allowing 
efficient zero-point adjustment of the weighing de- 
vices. 
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A ZERO-POINT ADJUSTMENT UNIT FOR A WEIGHING DEVICE 



This invention relates to a zero-point adjust-, 
ment unit for a weighing device, and in particular 
for a combinational weighing system. 

Combinational weighing means weighing arti- 
cles by a plurality of weighing devices, performing 
arithmatic operations for combinations of measured 
weight values and then selecting a combination 
according to a predetermined criterion. The major 
features of combinational weighing are great accu- 
racy and high throughput. US-A-4398612 discloses 
an automatic weighing system of a combinational 
weighing type having a number of article batch 
handling units arrayed radially. Articles to be 
weighed are typically transported by a conveyor 
and dropped onto an article feeding unit which 
distributes them into the individual article batch 
handling units. Weight-measuring means associ- 
ated with the individual article batch handling units 
are electrically connected to a control system such 
as a computer. The computer not only computes 
combinations of weight values obtained from these 
weight-measuring means and selects a combina- 
tion according to a predetermined criterion such as 
the combination which gives a total weight that is 
within a preselected range, but also discharges the 
article batches from these selected article batch 
handling units for packaging. 

Use of such known systems has revealed the 
desirability for certain improvements. Regarding 
their control units, in particular, it is found desirable 
to generally improve the system flexibility and to 
introduce simple methods of effecting zero-point 
and span adjustment on the weighing means. An 
easier input unit is also desirable by which even a 
relatively inexperienced user can operate the sys- 
tem in a variety of modes. 

According to this invention there is provided a 
zero-point adjustment unit for a weighing device, 
characterised by rough adjustment circuit means, 
fine adjustment circuit means, and a central pro- 
cessing unit adapted to adjust the zero-point of 
said weighing device by receiving a no-load weight 
signal outputted from said weighing device and in 
dependence upon said no-load weight signal con- 
trolling the output signals from said rough and fine 
adjustment circuit means. 

The invention provides a zero-point adjustment 
unit which allows the user to efficiently perform 
zero-point adjustments of a weighing device in a 
combinational weighing system. 

The invention will now be described by way of 
example with reference to the drawings, in which:- 

Fig. 1 is a block diagram of a control unit for 
a combinational weighing system. 



Fig. 2 is a flow chart of the calculation com- 
puter in the control unit of Fig. 1. 

Fig. 3 is a flow chart of the weight-monitor- 
ing computer in the control unit of Fig. 1. 
5 Fig. 4 is a flow chart of the drive-control 

computer in the control unit of Fig. 1 , 

Fig. 5 is a drawing for explaining the princi- 
ple of span adjustment, and 

Fig. 6 is a schematic front view of a control 

w panel. 

Fig. 1 is a block diagram of a control unit for a 
combinational weighing system which comprises 
an article feeding means and a plurality (n-num- 
ber) of article batch handling units, the article feed- 
75 ing means being adapted to transport articles to be ( 
weighted and to distribute them to the individual 
article batch handling units as article batches, and 
each article batch handling unit being adapted to 
receive, store, weigh and discharge the delivered 
20 article batch and to output an analog weight signal 
representing the measured weight value. 

The control system substantially consists of 
three sections which will hereinafter be referred to 
as the weight-monitoring section, the main section 
25 and the drive-control section. These sections are 
indicated in Fig. 1 by arrows and one of the impor- 
tant features is that each section has at least one 
central processing unit (CPU) such as a microcom- 
puter of its own. This means that the control sys- 
. 30 tern is of a multi-computer structure so that many 
adjustments and a great variety of operational 
modes can be made available. 

The three most important CPUs according to 
the embodiment of Fig. 1 are indicated therein as ( 
35 CPU1, CPU2 and CPU3 belonging respectively to 
the main, weight-monitoring and drive-control sec- 
tions. For the convenience of subsequent explana- 
tions, they will also be referred to as the main (or 
calculation) computer, the weight-monitoring com- 
40 puter and the drive-control computer, respectively. 
Explained briefly, the weight-monitoring computer 
CPU2 is adapted to monitor and store the weight 
information on the article batches from the article 
batch handling units and the weight-monitoring 
45 section, cooperating with the weight-monitoring 
computer CPU2, not only receives weight value 
signals and processes them to be stored but also 
performs zero-point adjustment and span adjust- 
ment of the weighing devices; the drive-control 
so computer CPU3 is adapted to output driving sig- 
nals and the drive-control section, cooperating with 
the drive-control computer CPU3, not only drives 
the individual article batch handling units selec- 
tively but also controls the feeding of articles 
thereinto; and the main computer CPU1 is adapted 
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to perform combinational computations to select a 
particular combination of the article batch handling 
units according to the measured weight value out- 
putted therefrom and also to generally control the 
operation of the weight-monitoring and drive-control 
computers CPU2 and CPU3, and the main section, 
cooperating with the main computer CPU1 and 
including therein a remote control input-output unit 
to be described below, allows the user to control 
the operation of the entire system, for example, by 
choosing a mode. Flow charts of these computers 
CPU1, CPU2 and CPU3 are shown in Figs. 2. 3 
and 4, respectively. 

Each of the aforementioned computers CPU1, 
CPU2 and CPU3 has associated therewith a ran- 
dom access memory means. These memory 
means are indicated in Fig. 1 respectively as 
MEMORY1, MEMORY2 and MEMORY3 (and as 
MEM1 , etc. in the Figures). In what follows, the 
aforementioned three sections will be described 
one by one more in detail, starting with the weight- 
monitoring section. 

As explained above, the weight-monitoring sec- 
tion is adapted to receive analog weight data 
(signal) from the article batch handling units and to 
process them for storage as digital data, in addi- 
tion, this section is used for the zero-point adjust- 
ment and span adjustment of the weighing devices 
in the article batch handling units. In Fig. 1. nu- 
merals 21-1...21-n denote n weight-measuring de- 
vices such as load cells, each being a part of one 
of the weighing devices in the article batch han- 
dling units. Numerals 22-1 ...22-n denote n amplifi- 
ers each of which has its input side connected to 
the output terminal of the corresponding one of the 
weight-measuring devices 21-1...2-n. The amplifiers 
22-1 ...22-n produce respective amplified output sig- 
nals indicative of the weight values obtained by the 
weighing devices. These amplified signals are in- 
putted through respective filters 23-1. ..23-n to a 
multiplexer 24 of a known type, comprising analog 
switches or the like, and are delivered sequentially 
therefrom as output signals in response to a weight 
value read signal transmitted from the weight-moni- 
toring computer CPU2. 

The weight-monitoring section further includes 
two 8-bit digital-to-analog converters 26 and 27 
respectively for rough and fine zero-point adjust- 
ment and a 14-bit digital-to-analog converter 28 for 
span adjustment. These digital-to-anatog converters 
26, 27 and 28 will also be referred to as DA1, DA2 
and DA3 for convenience. In addition, there are 
three subtractors 31, 32 and 33 (or SUB1, SUB2 
and SUB3) respectively for rough and fine zero- 
point adjustment and span adjustment. The sub- 
tractor for rough zero-point adjustment 31 (or 
SUB1) is connected to the digital-to-analog con- 
verter 26 (or DA1) to receive analog signals output- 



ted therefrom. Similarly, the subtractor for fine 
zero-point adjustment 32 (or SUB2) is connected to 
the digital-to-analog converter 27 (or DA2) to re- 
ceive analog signals outputted therefrom. As will be 

5 explained later, the digital-to-analog converter and 
subtractor for rough zero-point adjustment are so 
called because they are used for rough zero-point 
adjustment of the weighing devices and the circuit 
of which they are parts may be referred to as the 

70 rough zero-point adjustment circuit. Similarly, the 
circuit of which the digital-to-analog converter and 
subtractor for fine zero-point adjustment are parts 
may be referred to as the fine zero-point adjust- 
ment circuit and the circuit including the digital-to- 

75 analog converter for span adjustment 28 (or DA3) 
and the subtractor for span adjustment 33 (or 
SUB3) connected so as to receive analog signals 
outputted therefrom may be referred to as the span 
adjustment circuit. 

20 On the output side, the multiplexer 24 is con- 

nected to the subtractor for rough zero-point ad- 
justment 31 which is connected to a range selector 
35 on its output side. The range selector 35 is for 
selecting a maximum weight (range) allowed to be 

25 measured. As shown in Fig. 1, the range selector 
35 is composed of a potential divider and a switch. 
The switch is adapted to be operated by a range 
selection signal RSS outputted from the weight- 
monitoring computer CPU2 for selecting one of two 

30 choices UPPER RANGE and LOWER RANGE. UP- 
PER RANGE is twice as wide as LOWER RANGE 
according to this embodiment. Signals outputted 
from the range selector 35 are inputted to the 
subtractor for fine zero-point adjustment 32. On the 

35 output side, the subtractor for fine zero-point ad- 
justment 32 is connected to an analog-to-digital 
converter 40 through two sample-and-hold circuits 
S&H1 and S&H2 which are connected in parallel, 
each having a switch on its output side. The 

40 weight-monitoring computer CPU2 is adapted to 
output a sample-and-hold signal S&H to operate 
these switches substantially in synchronism with 
signals to the multiplexer 24 and to the analog-to- 
digital converter 40. Since there is an inverter 

45 means provided on the signal paths to one of the 
sample and hold circuits (S&H2 in Hg. 1), signaJs 
outputted from the multiplexer 24 (through the sub- 
tractors SUB1 and SUB2) are efficiently processed 
in such a way that while a signal is being sampled 

so by one of the sample-and-hold circuits, another 
signal is held in the other. The advantage of using 
two sample-and-hold circuits, therefore, is that the 
analog-to-digital converter 40 can be more effi- 
ciently utilized because it generally takes several 

55 tens of microseconds to charge a circuit capacitor 
for increasing the sampling accuracy and the 
analog-to-digital converter would not functioning 
during such charging if only one sample-and-hold 
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circuit were used. According to another embodi- 
ment, sample-and-hold circuits may be so arranged 
that two or more signals from a weighing device 
are sampled before the multiplexer switches to 
another weighing device. 

Numeral 41 indicates a voltage level shifter, the 
purpose of which is to create a predetermined 
voltage ratio such as 128:1 between the voltages 
inputted to the subtractors for zero-point adjust- 
ment 31 and 32 corresponding to the input of the 
least significant bit This being the purpose of the 
level shifter 41, another voltage level shifting 
means may be inserted in the fine zero-point ad- 
justment circuit to be used either in addition to or 
instead of the aforementioned voltage level shifter 
41. 

The drive-control section of the control unit is 
for driving the article feeding means and the article 
batch handling units in response to a command 
which is received from the main computer CPU1 
by the drive-control computer CPU3 belonging to 
this section. Fig. 1 includes a block diagram of the 
drive-control section which is adapted to control- 
lably drive a combinational weighing system of the 
type generally described in US-A-4,494,619, 
4,497,385 and 4,499,961 

Explained more in detail, it will be assumed 
hereinafter not only that the combinational weighing 
system under consideration comprises an article 
feeding means and a plurality (n-number) of article 
batch handling units as describe above but also 
that the article feeding means includes a vibratable 
dispersion feeder (abbreviated as DISP. FD.) and n 
independently vibratable radial feeders 
(abbreviated as RAD. FD.) such as troughs for the 
radially arrayed individual article batch handling 
units and that each article batch handling unit in- 
cludes a pool hopper (abbreviated as P.H.) for 
receiving an article batch from the associated radial 
feeder, a weigh hopper (abbreviated as W.H.) for 
weighing the article batch discharged thereinto 
from the associated pool hopper. In addition, a 
timing hopper (abbreviated as T.H.) is also allowed 
to be a part of the system for receiving article 
batches from the weight hoppers and discharging 
them in turn. The pool hoppers, weigh hoppers and 
timing hopper are adapted to open and close at 
predetermined time intervals and the mechanisms 
for controlling the timing of their opening and clos- 
ing are referred to as pool hopper timers, weigh 
hopper timers and timing hopper timer. The abbre- 
viations shown above are used extensively in the 
drawings and flow charts for convenience. 

The drive-control section is characterized in 
that n computers 51-1... 51 -n for controllably driving 
the individual article batch handling units are con- 
nected in parallel to the drive-control computer 
CPU3 through interface means. 
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For convenience, these parallel-connected 
computers 51-1 ...51-n will be referred to as hopper 
driving computers. If the combinational weighing 
system is of the type which employs a timing 

5 hopper as part of an article collecting unit below 
the article batch handling units, the drive-control 
section may further include a timing hopper driving 
computer 52 connected also in parallel with the 
aforementioned hopper driving computers 51- 

10 1...51-n. 

These hopper driving computers 51-1 ...51-n 
are individually connected to hopper drivers 54- 
1...54-n, each of which may typically include 
clutches and brakes for controlling the motion of a 

75 pool hopper for receiving an article batch and a 
weigh hopper for weighing it. Similarly, a timing 
hopper driver 55 for controlling the motion of the 
timing hopper is connected to the timing hopper 
driving computer 52. In such a case, a signal to the 

20 packaging unit PU associated with the combin- 
ational weighing system may be outputted from the 
timing hopper driver 45. After packaging is done, 
the packaging unit PU outputs a signal which is 
delivered to the main computer CPU1 through the 

25 drive-control computer CPU3 as will be described 
more in detail below. 

The drive-control section of this embodiment 
also includes computers 56 and 57 which are for 
controlling the vibration timing and intensity, re- 

30 spectively, of the dispersion and radial feeders. For 
the sake of convenience, they will be hereinafter 
referred to as the timing computer and intensity (or 
amplitude) computer, respectively. A dispersion 
feeder driver 58 for controlling the vibratory motion 

35 of the dispersion feeder and n radial feeder drivers 
59-1 ...59-n for controlling the vibratory motion of 
the radial feeders are connected both to the timing 
and intensity computers 56 and 57. Vibration inten- 
sity (or amplitude) is changed by controlling the 

40 power to be supplied to the motor for causing the 
vibration, and this is accomplished by using a zero 
cross detector 60 to detect the zero-points of an 
AC power source and using a solid state relay to 
switch on the motion with a predetermined delay 

45 after a detected zero cross point. In other words, 
the intensity computer 57 controls the intensity of 
vibrations by regulating the delay between a zero- 
point detected by the zero cross detector 60 and 
the switch-on time for starting the vibratory motion. 

so The main section, the third of the three sec- 

tions of which the control unit consists, includes the 
main computer CPU1 and an input-output unit by 
means of which the user can select a mode of 
operation. As shown in Fig. 1 , the input-output unit 

55 includes both input means such as a keyboard 
(KEYS) and output means such as a displayer 
(DISPLAY) and a printer (PRINTER) in addition to a 
microcomputer for remote control (referred to as 

4 
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CPU4). Details of the input-output unit as well as a 
program for the remote control computer CPU4 will 
be described after reference is made first to the 
flow charts of Figs. 2, 3 and 4 to explain how the 
three basic computers CPU1, CPU2 and CPU3 of 5 
the control unit perform their intended functions. 

As can be seen in the main programs (MAIN) 
in these charts, the weight-monitoring computer 
CPU2 and the drive-control computer CPU3 are 
programmed to output a request signal RQ to the . w 
main computer CPU1 ("RQ TO CPU1 " in Figs. 3 
and 4) to solicit a command. When the weight- 
monitoring computer CPU2 sends this request sig- 
nal after initializing and setting a flag for requesting 
initial data ("INITIALIZE" in Fig. 3), the main com- is 
puter CPU1 outputs to the weight-monitoring com- 
puter CPU2 a bus request signal BUSRQ to re- 
quest that the necessary bus line be opened 
("BUSRQ ON TO CPU2" in Fig. 2), When the bus 
request signal BUSRQ is received, the weight-mon- 20 
itoring computer CPU2 automatically sets a tristate 
logic device in a high-impedance state to activate a 
bus acknowledge signal BUSAK, thereby informa- 
tion the main computer CPU1 that the required bus 
line has been opened. When the bus acknowled 25 
signal BUSAK is detected ("BUSAK?" in Fig. 2), 
the main computer CPU1 checks whether the 
weight-monitoring computer CPUS is requesting 
initial data and, if a flag for requesting initial data is 
detected, transfers the initial data from MEMORY1 30 
to MEMORY2 ("TRANSF. INITIAL DATA FROM 
MEM1 TO MEM2"). Subsequently, the RQ signal 
from the weight-monitoring computer CPU2 is reset 
("RESET RQ" in Fig. 2) and a signal is outputted 
to the weight-monitoring computer CPU2 to release 35 
(cancel) the bus request ("BUSRQ OFF TO 
CPU2"). When the latter signal is received, the 
weight-monitoring computer CPU2 releases the 
BUSAK signal and automatically resumes the pro- 
cessing of its program, checking whether the initial 40 
data have been received. ("RECEIVED DATA?"). If 
initial data have been set in MEMORY2, the weight- 
monitoring computer CPU2 checks whether a com- 
mand to read an output from the analog-to-digital 
converter 40 has been set ("A/D READ COM- 45 
MAND" in Fig. 3). This command, however, is not 
set by the main computer CPU1 but by an interrupt 
signal outputted periodically from an independent 
timer at a fixed frequency. Thus, the program ac- 
cording to the subroutine SCLIN is adapted to be so 
repeated periodically at a fixed frequency in order 
to constantly update the weight information from 
the weighing devices 21-t...21-n as will be ex- 
plained below. By contrast "manual zero", "auto 
zero", "span" and "change mode" commands are 55 
set by the main computer CPU1. As shown in Fig. 
2, these commands are inputted to the weight- 
monitoring computer CPU2 by exchanging afore- 



mentioned signals BUSRQ and BUSAK between 
the two computers and by writing these commands 
in MEMORY2. Thus, the BUSRQ signal from the 
main computer CPU1 functions as a kind of inter- 
rupt signal. Similarly, if the input data transferred 
from the remote control computer CPU4 to the 
main computer CPU1 are for modifying the initial 
data, a change mode command is set to the 
weight-monitoring computer CPU2 in the same 
manner as explained above. When the weight-mon- 
itoring computer CPU2 finds that a change mode 
command has been set ("CHANGE MODE COM- 
MAND" in Rg. 3), it resets the command, sets a 
flag to request new data (RESET CHANGE MODE 
COMMAND. REQUEST INITIAL DATA") and re- 
turns to the beginning of the MAIN program. 

The subroutine SCLIN (= scale data in), as 
shown in Rg. 3 for a system with fourteen article 
batch handling units, substantially consists of a 
loop (returning from the point "D") f each cycle 
relating to one of the weighing devices in the 
individual article batch handling units. When the 
SCLIN is called, the aforementioned command to 
read the outputs from he analog-to-digitai converter 
40 is reset ("RESET A/D COMMAND") and a sig- 
nal RSS explained above and shown in Rg. 1 is 
outputted to the range selector 35 to select one of 
the available ranges ("OUTPUT RSS"). Next, the 
multiplexer input port number n (a dummy index in 
this case, not the number of article batch handling 
units in the system) is set to 1,*or the "first" 
weighing device to be considered in the aforemen- 
tioned loop is specified ("n = 1" and 
"MULTIPLEXER = n") so that the multiplexer 24 
will output the weight signal from the "first" weigh- 
ing device. 

Next, a zero datum (or a zero-point adjustment 
preset value) ZD n related to the nth weighing de- 
vice, to be explained more fully later in connection 
with the subroutine ZERO, is inputted to the digital- 
to-analog converters for zero-point adjustment DA1 
and DA2 and a span datum (or space adjustment 
preset value) SD n related to the nth weighing device 
and to be explained more fully later in connection 
with the subroutine SPAN, is inputted to the digital- 
to-analog converter for span adjustment DA3. Both 
ZD n and SD n are digital values and stored in 
MEMORY2. Thereafter, a signal S&H is outputted 
to the sample-and-hold circuits ("SET S&H") and a 
starting signal is sent to the analog-to-digital con- 
verter 40 ("START TO A/D CONV") to start the first 
cycle of the aforementioned loop. The S&H signal 
is for selecting one of the two sample-and-hold 
circuits to sample while the other holds when it is 
set. When it is reset, the two sample-and-hold 
circuits exchange their roles, the sampling circuit 
beginning to hold and the holding circuit beginning 
to sample. As explained above, the setting and 
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resetting of the sample-and-hold circuits are carried 
out in synchronism with the sending of a starting 
signal to the analog-to-digital converter 40 and 
reading on output therefrom. These three steps are 
sometimes combined in Fig. 3 and denoted as 
"A/D DATA IN". 

Because fluctuations are inevitable in measure- 
ments, the subroutine SCLIN does not rely on a 
single reading but allows the user to choose wheth- 
er 2 or 4 output data from the analog-to-digital 
converter 40 should be considered to obtain an 
average value D ave . Inside the aforementioned loop, 
a first of these 2 or 4 output data is read ("READ 
A/D OUTPUT1 ") and stored in D sum ("Dsum = 
OUTPUT1 "). In preparation for the input of the next 
output datum, a reset signal is sent to the sample- 
and-hold circuits and a start signal to the analog-to- 
digital converter 40 in synchronism. The informa- 
tion whether 2 or 4 output data should be consid- 
ered to calculate an average is one of the initial 
data mentioned above. If the answer to the ques- 
tion "2 TIMES?" is "NO", it means that 4 output 
data are considered to calculate the average value 
and the weight-monitored computer CPU2 pro- 
ceeds to read a second output datum for the 
analog-to-digital converter 40 ("READ A/D 
OUTPUT2") and adds this value to that of the first 
output datum now stored in D sum , the sum being 
re-stored in D sum ("Dsum = Dsum + OUTPUT2"). 
A similar step including setting or resetting or the 
sample-and-hold circuit and starting of the analog- 
to-digital converter 40 is repeated to read a third 
output and a fourth output and add them to the 
sum in D sum . If the answer to the question "2 
TIMES?" is "YES", only two outputs are added in 
Dsum- The value stored in D sum is subsequently 
divided by 2 once (if the response to "2 TIMES?" 
is "YES") or twice (if this response is "NO") to 
obtain a desired average value D ave . 

In the subsequent several steps, the weight- 
monitoring computer CPU2 examines if the fluc- 
tuation in this measured value is converging or not. 
For this purpose, the value of D avetn (the value of 
D a ve for the nth weighing device) obtained pre- 
viously is read from MEMORY2 and set as P ave 
also ("PREVIOUS D avein TO P ave ") and a predeter- 
mined maximum allowable deviation (inputted 
originally as one of the initial data) is inputted as 
D dev ("Ddev = DEVIATION VALUE"). If the ab- 
solute value of the difference between P ave and 
D ave is smaller than D dev . the newly derived value 
D ave >s stored as D ave .n ("Dave.n = D ave ") for use in 
the subsequent steps. If otherwise, a three-to-one 
weighed average between P ave and D ave is stored 
instead as D ave .n- This is to give more weight to the 
previously stored value (or to find the previously 
stored value more trustworthy) if the new value 
deviates from it significantly. 
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Thereafter, an appropriate flag is set according 
to the value of D avein . The under flag, over flag, 
minus flag, empty flag and stability flag are initially 
reset. The under flag is set if D ave , n = 0, and the 

5 over flag is set if D ave ,o is greater than a predeter- 
mined maximum value. At this stage, the dummy 
index n is replaced by n + 1 ("n = n + 1"), the 
multiplexer is addressed to the newly set value n, 
and the zero-point and span adjustment preset 

io values addressed to the new (previously (n + 1)st 
and now the nth) weighing device are respectively 
inputted to the digital-to-analog converters for zero- 
point and span adjustments, respectively, as done 
before at the beginning of this subroutine. The 

75 reason for entering these values for the next weigh- 
ing device at this point rather than at the end of 
this loop is that it generally takes a relatively long 
time to read and input these data. 

Thereafter, accordingly, the value D avo ,n ob- 

20 tained immediately . above must be referred as 
D a ve,n-i and the minus flag is set if a stored output 
value from the analog-to-digital converter 40 at the 
previous zero-point adjustment (Dzero to be ex- 
plained in detail later in connection with the subrou- 

25 tine ZERO) is subtracted from D aven .i to obtain a 
net weight value NET^ and if this value is nega- 
tive. The empty flag is set if NET n _! is smaller than 
the empty weight value W empt y. 

In the subsequent few steps, the net weight 

30 value NET n .! is normalized by dividing or multiply- 
in? it by an appropriate normalization factor to 
obtain a weight value W n .i. For example, if 10 
digital counts correspond to 5g, the NET value 
might be divided by 2 ("Wn-1 = NETn-1/2"). Since 

35 the normalization factor depends on how the range 
selector 35 has been set, a question is asked 
which of the choices has been made ("UPPER 
RANGE?"). If 10 digital counts actually turn out to 
correspond to 2.5g, the value of obtained 

40 above must be divided further by 2 ("Wn-1 = Wn- 
1/2") to obtain a correct weight value W n .v 

At this point, the weight-monitoring computer 
CPU2 determines whether the fluctuation in the 
weight data from this weighing device has stabi- 

45 lized. For this purpose, the previously stored value 
of D ave ,n.i is taken out of MEMORY2 as P aV e.o.i and 
the absolute value of the difference between P aV e.n-i 
and D ave . n -iis computed and defined as DIF. If DIF 
is not smaller than a predetermined stability range 

so SR, the stability flag is not set. If DIF is smaller 
than SR, it is considered that stability has been 
established. The user is required to decide initially 
whether a single comparison of D ave ^.i with P ave ,n-i 
is sufficient to establish stability or a further com- 

55 parison with a penultimate stored average value 
P'ave.n-i is ^required. This information (entered as 
initial data) is checked ("TWICE COMPARISON 
MODE?") and D ave .n.i is accordingly compared 
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only once with P a ve.n-i or twice with P a ve.n.i and 
P'ave.no. The stability flag is set if stability is 
deemed to have been established by either cri- 
terion. At the end, a set signal is sent to the 
sample-and-hold circuits and a start signal is out- 
putted to the analog-to-digital converter 40 to close 
the loop. This loop is repeated as many times as 
the number of weighing devices or article batch 
handling units in the system. 

The subroutine ZERO is called as explained 
above by a manual zero command or an auto zero 
command. Thus, the zero-point adjustment can be 
effected either on only one of the weighing devices 
by specifying the particular one or on all of them. 
Before reference is made to the flow chart of Fig. 
3, the mechanism of zero-point adjustment will be 
briefly outlined. 

To perform a zero-point adjustment, the weigh- 
ing device of interest is kept unloaded and the no- 
load weight value signal is introduced through the 
multiplexer 24 to the subtracter SUB1. Next, a 16- 
bit digital value previously stored as ZD n 
(corresponding to the nth weighing device under 
consideration) is fetched from MEMORY2 and its 
first (top or higher) 8 bits are inputted into the 
digital-to-analog converter for rough adjustment 
DA1 and the second (bottom or lower) 8 bits into 
the digital-to-analog converter for fine adjustment 
DA2. Similarly, a 14-bit digital value stored in 
MEMORY2 as SD„ which is one-half of the maxi- 
mum that can be inputted to the digital-to-analog 
converter for span adjustment 28 is inputted there- 
to. Since the digital-to-analog converter for span 
adjustment 28 is a 14-bit converter, the maximum 
value that can be inputted has 1 in every bit and 
the value inputted thereto in this step therefore has 
1 only in the first (top or maximum) bit, all the 
other bits having 0. The output voltage from the 
digital-to-analog converter DA1 is also inputted to 
the subtracter SUB1 and the difference voltage 
signal outputted therefrom is inputted to the next 
subtracter SUB2 for fine adjustment. For the sake 
of explanation, let us hereinafter consider the mode 
of operation for which the range selector 35 does 
not cause any level shift in voltage and that the 
level shifter 41 is so set that the output voltage 
from the digital-to-analog converter DA2 per bit 
thereof, when entering the subtracter SUB2 for fine 
adjustment, will be 1/128 of that from the digital-to- 
analog converter DA1 when entering the subtractor 
SUB1 for rough adjsutment. The output from the 
subtractor SUB2 is passed through the sample- 
and-hold circuits and the analog-to-digital converter 
40 and is inputted to the weight-monitoring com- 
puter CPU2. This input signal is stored in 
MEMORY2 as the zero-point of this weighing de- 
vice. 

The level shifter 41 may be so set that the 



797 12 



aforementioned ratio in per-bit output voltage will 
be 2 8 » 256 instead of 128. It is preferable, how- 
ever, to adjust the level shifter 41 and the range 
selector 35 (as well as any extra voltage shifter 

5 which may be inserted between the digital-to-ana- 
log converter DA2 and the subtractor SUB2 as 
mentioned before) in such a manner that the ratio 
of minimum controllable voltages (corresponding to 
the least significant bits) by the two zero-point 

w adjustment digital-to-analog converters DA1 and 
DA2 will be 2 7 rather than 2 fl . The reason for this 
preference, as will become easier to understand 
later, is that the maximum error that can be de- 
tected by the digital-to-analog converter DA2 for 

75 fine adjustment increases by a factor of 2, and this 
will prove to be a significant advantage when the 
system is operated in a mode wherein rough ad- 
justment is omitted. 

Reference being now made to the flow chart of 

20 the subroutine ZERO in Fig. 3, the mechanism of 
zero-point adjustment outlined above will be ex- 
plained more in detail. After the head number n (a 
dummy index) is specified ("HEAD NO. n") and the 
multiplexer 24 is told to output the no-load weight 

25 signal corresponding to this weighing device 
("MULTIPLEXER = n"), the aforementioned initial' 
values ZD n and SD n are inputted to the digital-to- 
analog converters DA1 , DA2 and DA3. 

Since there is a total of 16 bits between the 

30 digital-to-analog converters for zero-point adjust- 
ment DA1 and DA2, the routine for determining the 
zero-point essentially consists of a 16-cycle loop. 
In preparation for this loop, a dummy variable j is 
set to 16 and ZD n to 0 ( w Zn = 0, j = 16"). Let us 

35 now define B, and B* each as an 8-bit number 
entered in the digital-to-analog converters DA1 and 
DA2. respectively, a 16-bit number B (representing 
ZD„) being therefore defined as that having B, and 
B 7 as its top and bottom 8 bits. At the start of this 

40 loop B (= ZD„) is zero and hence both B, and B, 
are zero. 

In the first step inside the loop, the weight- 
monitoring computer CPU2 outputs (B + 2** 1 ) to the 
digital-to-analog converters DA1 and DA2. In the 

45 first cycle, therefore, the inputted 8-bit values are 
B, = (10000000) and B a = (00000000). The digital 
value Z n which is then outputted from the analog- 
to-digital converter 40 is compared with a reference 
zero value Z re , stored in MEMORY2 ( W Z'„ < Z^,?"). 

so If Z' is not less Z re t\ B is replaced by (B + 2 JO ) and j 
by (j-1)- Since B was zero and j equaled 16 at the 
beginning of the first cycle, B = 2 1 * = 
(1000000000000000) and j = 15 at the end of the 
first cycle. If Z' was less than Z ref in the first cycle, 

55 the aforementioned replacing step is skipped and B 
remains zero at the end of the first cycle. 

This loop is repeated thereafter until j becomes 
zero ( w j = 0?"). If the value of ZD„ at the end of 
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the loop is zero or exceeds a certain maximum 
value ("ZD n = 0?" and "ZD n = MAX"), a zero 
error flag is set, a request signal RQ is outputted to 
the main computer CRU1 for trie next command 
and the subroutine comes to an end. Otherwise, 
the top 8 bits of the binary code B is stored as the 
bias value for rough zero-point adjustment for this 
weighing device, the bottom 8 bits likewise for fine 
adjustment ("STORE ZDn AS NEW PRESET 
ZDn"), and the output weight value D ze , 0 from the 
analog-to-digital converter 40 at this point ("D 2er0 = 
A/D OUTPUT") is stored as the new zero-point 
("STORE Dze ro AS NEW ZERO A/D VALUE"). A 
flag is set to indicate the completion of the zero- 
point adjustment ("SET COMPLETION FLAG FOR 
ZERO ADJUSTMENT") and the subroutine ends. 

One of the characteristics of the control unit is 
that its weight-monitoring section includes separate 
digitai-to-analog converters DA1 and DA2 for rough 
and fine zero-point adjustments. 

When the initial loads of the weighing devices 
are nearly equal as is often the case, however, it is 
usually not necessary to repeat the entire zero- 
point adjustment process on all weighing devices. 
Instead, it may be sufficient to carry out both rough 
and fine adjustments on only one of the weighing 
devices. 

After the bias value B, for rough adjustment is 
obtained by the adjustment of this one weighing 
device, this value may be used for the other de- 
vices so that only fine adjustments need to be 
done on the remaining weighing devices. A flow 
chart (not shown) for a situation like this where only 
zero drifts need be corrected and rough adjust- 
ments are not necessary may look similar to that of 
the subroutine ZERO described above, but the 
comparable loop need be repeated only 8 times 
because only the bottom part B 2 of the binary code 
is considered and the bias value B, for rough 
adjustment need not be outputted. 

The aforementioned advantage of setting the 
voltage ratio from the zero-point adjustment digital- 
to-analog converters DA1 and DA2 to be 2 ? rather 
than 2' becomes apparent at this point. An increase 
of this ratio from 2' to 2" means that the largest 
error that can be corrected by the fine adjustment 
routine like this becomes bigger by a factor of 2. 

A further characteristic of the control unit is that 
the entire zero-point adjustment circuit including 
both rough and fine adjustments is put behind the 
multiplexer 24 so that the number of component 
parts is significantly reduced. Moreover, since both 
rough and fine adjustments can be carried out 
automatically and simultaneously by a computer, 
zero-point adjustment becomes easier and faster. 
This should in fact 'be contrasted with conventional 
zero-point adjustment circuits which, although 
called "automatic", are only partially automatic. Ac- 
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cording to typical examples, what is referred to 
above as rough adjustment is usually carried out 
by manually operating variable resisters for adjust- 
ment. Since a combinational weighing system typi- 

5 cally includes 10 through 15 weighing devices to 
be zero- adjusted, such manual rough adjustment 
was a cumbersome procedure. 

The subroutine SPAN is called by a span com- 
mand as explained above. A span adjustment 

w means an adjustment made in such a way that, 
when an analog signal representing a weight value 
obtained by a weighing device is converted into a 
digital signal, this digital signal will correspond to a 
value by which the user wishes to represent the 

75 actual weight of the weighed load. Assume, for 
example, that the user wants a load of 100g to be 
represented by a digital value of 1000, but an 
unadjusted control system converts a weight signal 
corresponding to 100g into a digital signal of 1010. 

20 In such a case, it is necessary to effect an adjust- 
ment in such a manner that the digital output value 
is changed from 1010 to 1000. This step is called a 
span adjustment. 

The conventional method of span adjustment 

25 involved a repetition of adjustments until conver- 
gence could be obtained. This is explained more in 
detail in Fig. 5, wherein W 0 and W T respectively 
denote the weight values when a weighing device 
under consideration is unloaded and when it is 

30 carrying a standard weight, the difference (WrW„) 
thus representing the effect of the standard weight. 
According to the conventional method, an unad- 
justed span is determined first by obtaining outputs 
No and N (corresponding to D zero and S n , respec- 
ts tiveiy when the weighing device is unloaded and 
when it is loaded, the difference N-N 0 being the 
unadjusted span. In order to obtain a desired span 
N s (corresponding to S ref in Fig. 3), the conventional 
method was to adjust the analog-to-digital con- 

40 verier so that the output therefrom with the stan- 
dard weight thereon will change from N to a new 
value N' c such that N VN 0 = N s . With the afore- 
mentioned adjustment of the analog-to-digital con- 
verter, however, its zero-point also shifts, say, to 

45 N' c0 . Thus, the span does not change from the 
original unadjusted value N-N 0 to the desired span 
value N s but to a new span value N' c -N'co which, 
though closer to N s than the aforementioned unad- 
justed span, is not equal to N s . It is necessary 

so therefore to repeat this process until conversion is 
obtained. 

The span adjustment program does not require 
the standard weight to be placed on and taken off 
the weighing device many times until conversion is 
55 obtained. As explained above, if the analog-to-digi- 
tal converter is adjusted so that the output changes 
from N to N' and the no-load output changes from 
N 0 to N'o, the straight line defined by the points 
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(Wo. N' 0 ) and Wt, N') in the graph of Fig. 5 will pass 
the origin because of the proportionality relation- 
ship between the weight of value and the converter 
output. Since the new span is N'-N' 0 and the pur- 
pose of span adjustment is to make it equal to N s 
rather than N'-N 0 = N s , we can derive from the 
relationships between similar triangles formed in 
Fig. 5 that N' = N S N/(N-N 0 ) and N' 0 = N 0 Ns/(N-N 0 ). 
The method of span adjustment can therefore be 
summarized as follows. 

The reference voltage to the analog-to-digital 
converter 40 is set at its lowest possible value and 
the output D 2er o therefrom is read when the weigh- 
ing device of interest is free of a load. Next, a 
standard weight is added and the output S n is read. 
A desired span value S re i is assumed to be pre- 
determined and stored. These three values unique- 
ly determine S tar get 88 S n S r ef/(S n -D 20 ro) and D' 2ero - 
D 2 eroSret/(S n -D zero ) as shown above. With the stan- 
dard weight still kept on the weighing device, the 
span adjustment digital-to-analog converter DA3 is 
adjusted by a well-known sequential comparison- 
type analog-to-digital conversion method until the 
output from the analog-to-digital converter 40 
reaches the value S tar g e i. After the span adjustment 
is completed, the previously stored zero-point val- 
ue D ze ro is corrected (updated) to D' ZBr o. 

Span adjustment is carried out after zero-ad- 
justments of aJI weighing devices have been com- 
pleted. This may be accomplished either by plac- 
ing a standard weight on each weighing device 
sequentially to span-adjust one device at a time or 
by placing standard weights on all weighing de- 
vices so that they can all be adjusted automatically. 

The subroutine SPAN of Fig. 3 is called by a 
span command as explained above. For the span 
adjustment of the nth weighing device ("HEAD 
NUMBER = n"), preset values 2D„ and SD n are 
inputted to the digital-to-analog converters as in the 
subroutine ZERO. Since the span adjustment is 
carried out after zero-point adjustments of all 
weighing devices, this means that the digital zero- 
bias values determined by the zero-point adjust- 
ment process are outputted to the digital-to-analog 
converters for zero adjustment 26 and 27. With the 
standard weight carried by the weighing device of 
interest (the nth), signals are sent to the sample- 
and-hold circuits and to the analog-to-digital con- 
verter 40 CA/D DATA IN") and the target output 
Starget is calculated by the formula described 
above. 

In this calculation, the value of D 2aro obtained in 
the previous-point adjustment process and stored 
in MEMORY2 is directly utilized. 

After S, 8rge t is calculated, the following several 
steps are for determining a digital value 
SD n corresponding to the voltage necessary for the 
desired span, or that digital value which, when 



inputted to the digital-to-analog converter for span 
adjustment DA3, will cause the analog-to-digital 
converter 40 to output the desired digital value 
Starget- This is done by a sequential comparison 

5 routine described above in connection with the 
subroutine ZERO. Since the digital-to-analog con- 
verter for span adjustment DA3 is a 14-bit con- 
verter, it is carried out in this situation by means of 
a 14-cycle loop (from "j = 14* to "j = 0?"). As 

w done in the subroutine ZERO, a span error flag is 
. set if the value SD n thus obtained is zero or ex- 
ceeds a predetermined maximum value. Otherwise, 
a completion flag is set, the span command is 
reset and the subroutine ends after a request signal 

15 RQ is outputted to the main computer CPU1 to 
solicit a next command. 

The drive-control computer CPU3 is adapted to 
keep monitoring the conditions of the hoppers and 
feeders (T.H. CONTROL", "W.H. CONTROL", 

20 "P.H. CONTROL" and TD. CONTROL") and, like 
the weight-monitoring computer CPU2, outputs a 
request signal RQ to the main computer CPU1 
("RQ TO CPU1 n ) to solicit a command, causing an 
exchange of signals BUSRQ and BUSAK. AcutaJ 

25 motion of the hoppers, however, is controlled by 
the hopper driving CPUs 51-1...51-n and 52 each of 
which is assigned an identification switch (which 
may be a 4-bit switch if the number of article batch 
handling units in the system is 14 as in the em- 

30 bodiment which has been in consideration) and 
each hopper operating signal outputted from the 
drive-control compute CPU3 includes a message 
for identifying the hopper driving computer to 
which it is addressed. When one of the hopper 

35 driving computers recognizes that the outputted 
message is addressed to itself, it accepts the mes- 
sage and causes the associated driver 54-1. ..54-n 
or 55 to function according to the message. In 
other words, these hopper driving CPUs 51-1...51-n 

40 and 52 keep monitoring the conditions of the hop- 
pers and the message from the drive-control com- 
puter CPU3 funtions as an interrupt. This mode of 
operation is quicker than if it were done by a 
command. 

45 There are timers provided to hoppers and 

feeders (such as weigh hopper timer) so that the 
radial feeder and hoppers associated with each 
article batch handling unit are sequentially driven 
according to a predetermined timing schedule. 

so Such timing schedule can be adjusted by an input 
from the input-output unit as will be explained 
below. According to one embodiment furthermore, 
the hoppers to be driven may be divided into three 
groups (partitions) so that the hoppers belonging to 

55 different groups will have different timing schedules 
in such a way that they do not discharge simulta- 
neously. This is to reduce the adverse effects of 
collisions among article batches being discharged 
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into the timing hopper or a collecting chute. This 
mode of operation is referred to as the stagger 
dump mode in Fig. 4. 

When the main (calculation) computer CPU1 
completes a combinational computation and se- 
lects a particular combination of article batch han- 
dling units, the selection is communicated to the 
drive-control computer CPU3 so that the hoppers 
and radial feeders assciated with the article batch 
handling units in the selected combination are ac- 
tivated according to the timing schedule explained 
above. The drive-control computer CPU3 also par- 
ticipates in adjusting the vibrations (intensity and 
timing) of the feeders in accordance with inputs 
from the input-output unit. 

The main computer CPU1 is programmed to 
carry out combinational calculatin and to generally 
control the operation of the system. Data and com- 
mands inputted by the user and signals soliciting 
the user's command are communicated through 
this computer. Methods of combinational calcula- 
tion have been known and incorporated in many 
automatic weighing machines such as Models 
CCW-201 RLC and CCW-221 1 RLC of the assignee 
corporation. Detailed explanation of Fig. 2 is there- 
fore omitted. 

The input-output unit is easy to operate in that 
the remote control computer CPU4 is programmed, 
as will be explained in detail below, so that even a 
relatively inexperienced user can operate the sys- 
tem easily. Further, various input and output means 
shown in Fig. 1 such as the printer PRINTER, the 
displayer (such as a plasma display panel) DIS- 
PLAY and a control panel including the keyboard 
(KEYS) are built in a unitized structure (not shown). 

Hg. 6 is a front view of the control panel - 
schematically drawn characterized in that it in- 
cludes only a relatively small number of keys. The 
ON and OFF keys are for switching power on and 
off. The START key is used not only for starting 
zero-point and span adjustments, the printer 
PRINTER, etc. but also for specifiying certain items 
to be inputted to the main computer CPU1. The 
STOP key is used not only for stopping the opera- 
tion, printing, etc. but also for changing the display 
mode back to the initial menu (to be explained 
below). The DISP key is used for changing the 
display mode to a print display mode. The ON 
LINE/OFF LINE key is used for placing the entire 
operation under the control of a host computer and 
disconnecting such a connection with a host com- 
puter. During on ON LINE period, the other keys 
cannot be operated. The UP and DOWN keys 
indicated by upward and downward pointing arrows 
are for moving a cursor up and down on the 
display panel. The nurnber keys 0-9 are for input- 
ting numerical values. The CLEAR (C) key is for 
clearing a numerical entry. The SET key is used 



not only for inputting the value set by the number 
keys into the computer memory but also for shift- 
ing the cursor to the next set item. 

The basic function of the remote control com- 

5 puter CPU4 is to allow the user to communicate 
with the system via the main computer CPU1. In 
order to make the operation of the system easy 
and simple, the remote control computer CPU4 is 
so programmed that the user can input commands 

70 and data interactively. In other words, the remote 
control computer CPU4 is programmed to display 
various menus and a curser which the user can 
freely move on the display screen (which may be a 
plasma display panel as mentioned above or alter- 

75 natively a cathode ray tube) by handling some of 
the aforementioned keys (or buttons). According to 
one embodiment, the display holds up to eight 
lines of information and the cursor is a blinking 
square, indicating an item with respect to which an 

20 input is invited. For menus which are longer than 
eight lines, the first eight lines are displayed ini- 
tially. The remaining lines can be displayed by first 
pressing the DOWN key to move the cursor to the 
bottom of the display. Then, the display can be 

25 scrolled up one line at a time by further pressing 
the DOWN key. The display returns to the first line 
of the menu if it is scrolled up past the last line of 
the menu. The scrolling feature also works in re- 
verse: if the UP key is pressed when the cursor is 

30 on the first line, the display is changed to the last 
menu line. The display is also adapted for various 
messages to guide the user. An audio alarm 
(buzzer) is adapted to sound if an incorrect key is 
pressed. 

35 The program for the remote control computer 

CPU4 is so structured that the users are classified 
into three levels according to the scope within 
which they are allowed to operate the system. 
Level 1 is for general users. Level 2 includes 

40 supervisors and Level 3 is for engineers with spe- 
cial knowledge of the system. The number of items 
that can be selected from a menu increases as the 
level of the user becomes higher. The total number 
of items is 10 and they are displayed together with 

45 date and time after the power is switched on and a 
title display is made for a brief moment such as 
three seconds. The first three of these items are 
considered Level 1 items and the next five items 
are Level 2 items. The final two items are Level 3 

50 items. These 10 items will be briefly explained 
below. 

The first item is titled "Zero- Adjustment". Zero- 
point adjustment can be effected either on all 
weighing devices or only on a specified one, de- 
55 pending on how a message (numerical value) is 
inputted. When only the items of Level 1 are dis- 
played, the display can be changed to that of Level 
2 or Level 3 by entering a code word. Such a code 
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word is sometimes referred to as the password or 
the keyword. These two words are often used 
interchangeably. 

The second item is titled "Production" which is 
for starting a normal weighing process. The prod- 
uct name and target weight W T are displayed when 
the choice is inputted by a code number. The third 
item is titled "System Draining" which is used to 
discharge the articles remaining in the apparatus 
either when the articles being weighed are to be 
changed or at the end of the day. 

The fourth item is titled "Function". This step 
is used to set the date, time, feed, control, weight 
control and calculation mode by moving the cursor 
to the corresponding sub-item in the "Function 
Menu" which is displayed as soon as "Function" is 
selected. The feed control is to determine whether 
the vibration intensity and timing of the dispersion 
and radial feeders should be controlled automati- 
cally or manually. Manual control should be se- 
lected if automatic control does not work properly, 
for example, in the case of sticky products. The 
weight control is to specify how a combination of 
article batch handling units should be selected. The 
selection may be in terms only of a minimum 
weight so that the total weight of the article batches 
in the selected cGmbiantion should be equal to or 
greater than a specified target value. Alternatively, 
it may be required additionally that the total weight 
in the combination must not exceed a certain upper 
limit W up . The calculation mode specifies whether 
combinational calculations may be carried out for a 
second time if a combination satisfying the con- 
ditions for selection was not obtained in the first 
attempt. 

The fifth item is titled "Calculation" and is used 
as a verification and diagnostic tool by displaying 
the selected weighing devices and the weight val- 
ues from each. 

The sixth item is titled "Prearrangement" and 
is used to set any of the items which becomes 
displayed in a "Prearrangement Menu". Among the 
many items that can be set in this step are the 
target weight to be discharged to the packaging 
unit PU, the maximum upward deviation from the 
target weight, the vibration intensity and interval 
between starting times of dispersion and radial 
feeders, the number of times (dump count) which 
the articles will be discharged from the system to 
deliver the target weight, the product name to be 
entered by a numbered letter code (such as "10" 
representing "A" and "11" representing "B"), etc. 

The seventh item is titled "Span Adjustment" 
and is for performing span adjustment. A selection 
is made whether all weighing devices or only a 
single weighing device should be adjusted. After 
the START key is pressed, the display returns to 
the initial menu if no error occurs. There is no need 



to press the STOP key. 

The eight item is titled "Adjustment" and is for 
setting any of the sub-items in the "Adjustment 
Menu" which is displayed. Among the many such 

5 sub-items are the specification of article batch han- 
dling units to be deactivated, the setting of various 
delay times such as the time interval between the 
opening of a weigh hopper and that of the asso- 
ciated pool hopper. 

jo The ninth and tenth items are for adjustments 

to be made only by trained engineers. 

The input/output unit described above for a 
combinational weighing apparatus is compact but 
versatile. It is compact because the numbers of 

is keys on the control panel is very limited in view of 
the great variety of adjustments and mode settings 
that can be achieved therefrom and further be- 
cause both a display means and a printer means 
can be built into a utilized structure with the control 

20 panel. It is versatile . because it is easy to operate 
and yet can perform a large variety of functions. 
This is a particularly significant advantage because, 
as stated at the outset, the major purpose of using 
a set of three microcomputers to perform the basic 

25 functions of a combinational weighing system was 
to gain flexiblity by carrying out most of the adjust- 
ments and mode settings by software. As flexibility 
is gained and a larger variety of options becomes 
available, simplicity of operation becomes even 

30 more desirable than before. 

The system operation is made easy firstly be- 
cause different types of controls and adjustments 
which used to be carried out at differents parts of 
the system can now be performed from one cen- 

35 tralized location and secondly because a menu 
formalism has been adopted so that the user, even 
if relatively inexperienced, can interactively operate 
the system by reading instructions which appear as 
messages in the display means and proceed by 

40 choosing items from available options by moving a 
cursor and operating only a few keys. Its versatile 
aspects include the capacity of allowing access to 
different sets of options, depending on the status of 
the user, simply by defining security codes such as 

45 a password and a keyword. 

The combinational weighing system need not 
include a timing hopper to collect the article 
batches discharged from weigh hoppers. Models 
with a simple collecting chute instead of a timing 

so hopper have been commercially available and a 
control unit disclosed in Fig. 1 can be made adapt- 
able to such models by removing the timing hop- 
per driving CPU 52 and the timing hopper driver 
55. Similarly, the control unit of Fig. 1 can be made 

55 adaptable to a combinational weighing system hav- 
ing article batch handling units installed in a side- 
by-side relationship among themselves rather than 
in a circular configuration and hence having feed- 
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ers which are different from the dispersion and 
radial feeders considered in the embodiments illus- 
trated above. 

As for the circuits for zero-point adjustment, it 
is not necessary as shown in Fig. 1 to provide two 
circuits separately for rough and fine adjustments. 
Although it is more economical to provide two 8-bit 
converters as in the illustrated embodiment than to 
use one 16-bit converter, the rough and fine zero- 
point adjustment circuits may be combined into a 
single circuit with one digital-to-analog converter 
and one subtracter. Such an alternative embodi- 
ment has the advantage of reducing the number of 
constituent components in the circuit. 

As already mentioned, furthermore, the level 
shifter 41 in the weight-monitoring section may be 
replaced by a voltage divider inserted between the 
digital-to-analog converter for fine zero-point adjust- 
ment 27 and the subtracter for fine zero-point ad- 
justment 32. 

As for the combinational computations, a great 
variety of computer programs have been available 
and incorporated into prior art combinational weigh- 
ing systems using only one central processing unit. 
They include programs which calculate all com- 
• binations of all article batch handling units in very 
cycle, those which calculate combinations only 
from some (not all) of the article batch handling 
units, for example, by excluding for a specified 
number of cycles those article batch handling units 
which have once been selected in a combination, 
those which select a combination providing the 
smallest total weight equal to or greater than a 
given target weight, those which can select any 
combination providing a total weight within a speci- 
fied interval, etc. The flow chart of the main com- 
puter CPU1 in Fig. 2 is useable for all these 
programs either directly or with only minor changes 
which can be effected by any person skilled in the 
art of programming. 



ment. and said fine adjustment circuit means in- 
cludes a second digital-to-analog converter (27) for 
fine zero-point adjustment and a second subtracter 
(32) for fine zero-point adjustment. 

5 3. A zero-point adjustment unit as claimed in 

Claim 2. characterized in that said rough and fine 
adjustment circuit means include an analog-to-digi- 
tal converter (40). said first subtracter (31) serving 
to receive an output signal from said first digital-to- 

io analog converter (26) and an analog no-load signal 
from said weighing device and to correspondingly 
output a first difference signal, and said second 
subtracter (32) serving to receive an output signal 
from said second digital-to-analog converter (27) 

75 and an output signal from said first substracter 
(31) and to correspondingly output a second dif- 
ference signal to said analog-to-digital converter 
(40). 

4. A zero-point adjustment unit as claimed in 
20 Claim 3, characterised in that the output signal 
from said second substracter (32) is supplied to 
said analog-to-digital converter (40) through two 
sample-and-hold circuits (8 & H1; 8 & H2) con- 
nected in parallel and each having a switch on its 
25 output side controlled by said central processing 
unit (CPU 2), there being an inverter connected in 
series before one of said sample-and-hold circuits 
(S & H1; S &H2). 

30 



35 

( 

40 



Claims 

1 . A zero-point adjustment unit for a weighing 45 
device, characterized by rough adjustment circuit 
means, fine adjustment circuit means, and a central 
processing unit (CPU2) adapted to adjust the zero- 
point of said weighing device by receiving a no- 
load weight signal outputted from said weighing so 
device and in dependence upon said no-load 
weight signal controlling the output signals from 

said rough and fine adjustment circuit means. 

2. A zero-point adjustment unit as claimed in 
Claim 1, characterized in that said rough adjust- 55 
ment circuit means includes a first digital-to-analog 
converter (26) for rough zero-point adjustment and 

a first subtracter (31) for rough zero-point adjust- 
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